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A highly sensitive second-generation hepatitis C virus (HCV) core antigen assay has recently been developed.
We compared viral disappearance and first-phase kinetics between commercially available core antigen (Ag)
assays, Lumipulse Ortho HCV Ag (Lumipulse-Ag), and a quantitative HCV RNA PCR assay, Cobas Amplicor
HCV Monitor test, version 2 (Amplicor M), to estimate the predictive benefit of a sustained viral response
(SVR) and non-SVR in 44 genotype 1b patients treated with interferon (IFN) and ribavirin. HCV core Ag
negativity could predict SVR on day 1 (sensitivity � 100%, specificity � 85.0%, accuracy � 86.4%), whereas
RNA negativity could predict SVR on day 7 (sensitivity � 100%, specificity � 87.2%, accuracy � 88.6%). None
of the patients who had detectable serum core Ag or RNA on day 14 achieved SVR (specificity � 100%). The
predictive accuracy on day 14 was higher by RNA negativity (93.2%) than that by core Ag negativity (75.0%).
The combined predictive criterion of both viral load decline during the first 24 h and basal viral load was also
predictive for SVR; the sensitivities of Lumipulse-Ag and Amplicor-M were 45.5 and 47.6%, respectively, and
the specificity was 100%. Amplicor-M had better predictive accuracy than Lumipulse-Ag in 2-week disappear-
ance tests because it had better sensitivity. On the other hand, estimates of kinetic parameters were similar
regardless of the detection method. Although the correlations between Lumipulse-Ag and Amplicor-M were
good both before and 24 h after IFN administration, HCV core Ag seemed to be relatively lower 24 h after IFN
administration than before administration. Lumipulse-Ag seems to be useful for detecting the HCV concen-
tration during IFN therapy; however, we still need to understand the characteristics of the assay.

Hepatitis C virus (HCV) infection causes a slowly progres-
sive disease which can lead to chronic hepatitis, liver cirrhosis,
and hepatocellular carcinoma (28, 30). Successful interferon
(IFN) therapy for HCV leads to persistently undetectable se-
rum viral levels and histological improvement (9, 11) and im-
proves the survival of chronic hepatitis C patients by prevent-
ing liver-related deaths (36). A meta-analysis study including
data from randomized trials showed that retreatment of non-
responders with a combination of IFN-�2b and ribavirin
(RBV) for 24 weeks was associated with only 14% sustained
virological response (SVR) in genotype 1-infected patients (4).
When a combination of pegylated interferon (IFN) and RBV
was used as retreatment for 48 weeks, a 46% SVR rate was
reached; however, patients infected with genotype 1 still had a
limited chance of achieving SVR (12).

Studies aimed at understanding the predictive value of SVR
and non-SVR in the absence or presence of serum RNA dur-
ing IFN therapy within 2 days (32), 1 week (18), 2 weeks (17),
1 month (3, 6, 13, 15, 29, 39), or 3 months (23) have been
reported. The biphasic or triphasic initial decline in the level of
serum HCV RNA after IFN therapy has also been character-
ized and analyzed mathematically (8, 14, 21, 27, 40). The ex-
ponential and dose-dependent first phase is a 0.5- to 2.5-log

decline in the serum virus concentration within 24 h. The
first-phase response is attributed to IFN blocking viral produc-
tion or release and a rapid free virion clearance rate. A slower
second-phase decline in serum viral levels is observed after the
first phase and may reflect the rate of clearance of infected
hepatocytes and the effectiveness of IFN in blocking viral pro-
duction.

Viral kinetic studies have been analyzed predominantly by
the HCV RNA assay using the PCR method. Although the
PCR assay is very sensitive in detecting the serum HCV RNA,
the results sometimes have problems of specificity and preci-
sion, and blind comparisons have significant error rates (37).
Methods for detecting viral antigens (Ag) were developed by
applying a monoclonal antibody to the HCV core Ag (19, 33,
35); however, the assays have been insufficient for clinical ap-
plication because of their low sensitivity and the requirement
for complicated specimen pretreatment. An accurate and spe-
cific new HCV core Ag detection assay system (total HCV core
Ag assay) (2) has recently been developed and is commercially
available in European countries (trak-C assay) (7, 20, 24, 25,
31); it has a lower detection level limit of 1.5 pg/ml, which is
equivalent to 20 KIU/ml. More recently, Lumipulse Ortho
HCV Ag (Lumipulse-Ag), with a lower detection level limit of
50 fmol/liter (equivalent to 1.0 pg/ml), was developed in Japan
(1, 34). The dynamic range of Lumipulse-Ag (from 50 to
50,000 fmol/liter, equivalent to 1.0 to 1,000 pg/ml) is broader
than that of the trak-C assay (1.0 to 100 pg/ml) and the PCR
quantitative assay, Cobas Amplicor HCV Monitor test (Am-
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plicor-M). Because HCV core Ag is stable, no extra precau-
tions are needed for storing samples. An easy, simple, low-cost
new HCV core Ag detecting system seems to be useful for
assessing and monitoring IFN treatment of HCV. Only a few
predictive studies for IFN-RBV combination therapy (24, 25)
and no studies of first-phase viral kinetics have been estab-
lished for the HCV core Ag assay so far. In the present study,
we compared the viral disappearance rates and kinetic data
between Lumipulse-Ag and Amplicor-M to estimate the pre-
dictive benefit of SVR and non-SVR with IFN-RBV combina-
tion therapy.

MATERIALS AND METHODS

Patients and treatment regimen. Adult patients with consecutive genotype 1b
HCV-RNA positive, abnormal alanine aminotransferase (ALT) levels and his-
tologically consistent chronic hepatitis C were eligible for this study. All patients
gave written informed consent before treatment, and the protocol was approved
by the ethics committee of each participating center. Patients with cirrhosis or
patients coinfected with HBV were excluded. All patients received 6 MU of
IFN-�2b every day for 2 weeks and then thrice weekly for 22 weeks. RBV was
given orally for a total dose of 600 mg (body weight, �60 kg) or 800 mg (body
weight, �60 kg) per day for 24 weeks. An SVR was defined as a normal serum
ALT level and undetectable serum HCV RNA and HCV core Ag 24 weeks after
discontinuation of therapy. A non-SVR was defined as the response in patients
who did not show SVR.

Determination of serum HCV RNA, HCV genotypes, and HCV core Ag. The
HCV genotype was determined using a commercially available probe assay which
can distinguish genotypes 1a, 1b, 2a, 2b, and 3a of HCV (Monitor Genotype;
Roche Diagnostics, Tokyo, Japan). Serum HCV RNA levels were determined by
a Cobas Amplicor HCV Monitor test, version 2 (Amplicor-M) (Roche Diagnos-
tics). For quantification of serum HCV core Ag, Lumipulse Ortho HCV Ag
(Lumipulse-Ag) (Ortho Clinical Diagnostics, Tokyo, Japan) was used as speci-
fied by the manufacturer. The lower detection limit for each assay kit was 0.5
KIU/ml in Amplicor-M and50 fmol/liter in Lumipulse-Ag.

Viral kinetic parameters. Viral load at baseline (V0) and on day 1 (V1) and the
viral load decline 24 h after IFN administration (ε) were calculated using HCV
core Ag and HCV RNA data by nonlinear fitting as described elsewhere (27).
Whenever HCV core Ag and HCV RNA levels were below the sensitivity of each
assay, a value of 50 fmol/liter and 0.5 KIU/ml were arbitrarily used for calculation
because those were the lower limit for each assay.

Statistical analysis. The statistical significance of differences between groups
was analyzed using the Mann-Whitney U-test, Fisher’s exact test, and the Wil-
coxon signed-rank test. Sensitivity was calculated as the ratio of the number of
patients who gave SVR to the number of patients predicted to give SVR.
Specificity was defined as the ratio of the number of patients who became
non-SVR to the number of patients predicted to give non-SVR by our criteria.
The positive predictive value (PPV) was defined as the proportion of patients
with the factor who responded to treatment. The negative predictive value
(NPV) was defined as the proportion of patients without the factor who did not
respond to treatment. Accuracy was defined as the ratio of the number of
patients correctly predicted to be SVR or non-SVR to the total number of
patients.

RESULTS

Patient characteristics. Forty-nine genotype 1b-infected pa-
tients were enrolled, of whom 44 completed the study as per
protocol. The demographic characteristics of the patients are
shown in Table 1. There was no statistical significance in the
6-month IFN-RBV combination therapy between SVR and
non-SVR patients with respect to age, gender, body weight,
baseline ALT levels, and platelet counts. We also observed no
significance with respect to baseline viral loads detected by
HCV core Ag or HCV RNA (Table 1).

Disappearance of serum HCV core Ag or HCV RNA during
therapy. There were 10 SVR patients (22.7%) who remained
HCV RNA negative and HCV core Ag negative throughout

the follow-up period and had sustained normalization of serum
ALT levels. Four patients were HCV core Ag negative on day
1, whereas no patients were negative for HCV RNA on day 1.
All patients (four of four) who were negative for HCV core Ag
on day 1 achieved SVR (sensitivity � 100%, specificity �
85.0%, accuracy � 86.4%) (Table 2). None of the patients
achieved negative results for HCV RNA by Amplicor-M on
day 1, while five patients were HCV RNA negative on day 7; all
patients (five of five) who were negative for HCV RNA on day
7 achieved SVR (sensitivity � 100%, specificity � 87.2%, ac-
curacy � 88.6%). The specificity of Lumipulse-Ag increased
on day 7 and reached 100% on day 14. The specificity was
77.3% on day 1 and also reached 100% on day 14 by Ampli-
cor-M. None of the patients who had detectable serum core Ag
or RNA on day 14 achieved SVR (specificity � 100%). All 10
SVR patients were both core Ag and RNA negative on day 14
(PPV � 100%). Core Ag and RNA negativity on day 14 could
predict 23 and 31 non-SVR patients out of 34 (NPV � 67.6 and
91.2%, respectively) (Tables 2 and 3).

Viral kinetics assay. We analyzed the decline in the viral
load within the initial 24 h (ε) and found that a �90% decline
(1.00-log decline) in core Ag and an 87% decline (0.89 log
decline) in RNA levels gave a specificity of 100% and sensi-

TABLE 1. Baseline clinical and virological characteristics of the
comparison of SVR and non-SVR

Characteristic SVR (n � 10) Non-SVR (n � 34) P

Age (yr)a 60.5 (29–66) 60.0 (21–70) 1.000
Gender (female/male)b 4/6 10/24 0.701
Body weight (kg)a 61.85 (47.0–75.5) 66.35 (40.4–86.4) 0.712
ALT (IU/liter)a 74.5 (17–402) 75.5 (28–206) 0.906
Platelet (�10/liter)a 16.95 (11.6–25.3) 14.75 (10.1–28.7) 0.114
Liver histology

Activity (A0/A1/A2/A3) 1/1/8/0 2/11/21/0 0.350
Fibrosis (F0/F1/F2/F3) 1/3/6/0 0/9/19/6 0.132

HCV RNA (kIU/ml)a 290 (90.1–4,100) 660 (81–40,000) 0.130
HCV core Ag (fmol/liter)a 4,800 (207–16,829) 6,154 (726.2–50,000) 0.245

a Values are expressed as medians (range); groups were compared by the
Mann-Whitney U-test except for gender.

b Fisher’s exact test.

TABLE 2. Treatment results and disappearance of serum viral load

Ag or RNA and
time

Presence
of Ag or

RNA

No. giving
SVR (n �

10)

No. giving
non-SVR
(n � 34)

Fisher exact
P-value

HCV core Ag
Day 1 � 4 0 0.00150

� 6 34
Day 7 � 8 6 0.000551

� 2 28
Day 14 � 10 11 0.000141

� 0 23

HCV RNA
Day 1 � 0 0 NAa

� 10 34
Day 7 � 5 0 0.000232

� 5 34
Day 14 � 10 3 �0.0001

� 0 31

a P value was not calculable because none of the patients had negative HCV
RNA on day 1.
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tivities of 35.7 and 33.3%, respectively. Thus, failure to drop
1.00 log in core Ag and 0.89 log in RNA predict non-SVR. The
thresholds of the baseline viral load (V0), which gave 100%
specificity for the prediction of SVR in Lumipulse-Ag and
Amplicor-M, were 17,000 fmol/liter and 5,000 kIU/ml, respec-
tively. A total of 10 of 37 with Lumipulse-Ag and 10 of 36 with
Amplicor-M achieved SVR under those criteria (the sensitiv-
ities were 27.0 and 27.8%, respectively). When we assessed
viral load after 24 h (V1), the thresholds that gave 100% spec-
ificity for the prediction of non-SVR were 850 fmol/liter with
Lumipulse-Ag and 120 kIU/ml with Amplicor-M, and the sen-
sitivities were 34.5 and 38.5%, respectively. The viral-load de-
cline during the initial 24 h of IFN treatment (ε), basal viral
loads (V0), and viral loads on day 1 (V1) detected by Lumi-
pulse-Ag and Amplicor-M and the correlation between the
three values were investigated. When we combined the criteria
of both ε (1.00-log decline in the core Ag assay and 0.89-log
decline in the RNA assay) and V0 (17,000 fmol/liter in Lumi-
pulse-Ag and 5,000 kIU/ml in Amplicor-M), the sensitivities
with Lumipulse-Ag and Amplicor-M were 45.5% (accuracy �
72.7%) and 47.6% (accuracy � 75.0%), respectively, while the
specificities were both 100%. The predictive efficiencies did
not improve when we assessed the data in combination with ε
and V1 instead of ε and V0 with both Lumipulse-Ag and Am-
plicor-M.

Correlation between HCV core Ag and HCV RNA before and
after IFN administration. We found a good correlation be-
tween HCV core Ag and HCV RNA levels not only for basal
levels but also for those on day 1 (r � 0.870, P � 0.05 and r �
0.794, P � 0.05, respectively). However, we found that the
correlation coefficients evaluated before and after IFN admin-
istration were different (Fig. 1). HCV core Ag levels were
relatively higher in the basal viral loads than 1 day after IFN
therapy compared with the levels of HCV RNA.

DISCUSSION

It is better to differentiate between non-SVR and SVR pa-
tients as fast as possible during IFN-RBV combination therapy
because this therapy is expensive and is associated with several
severe adverse reactions. If we can distinguish SVR from non-
SVR patients on the basis of viral kinetics in the early stages,
we can avoid unnecessary IFN therapy. Early clearance of
viremia (3, 6, 13, 15, 17, 18, 29, 32, 39) has been reported to be
a strong predictor of SVR, using multivariate analysis of IFN

monotherapy. Several predictions of therapeutic response on
the basis of early viral clearance have also been reported for
IFN-RBV combination therapy. The sensitivity and specificity
were said to estimate the predictive benefit in these reports;
however, they seemed to depend on the procedure of the HCV
detection assay.

We found 100% sensitivity in the prediction of SVR by the
HCV RNA assay after 1 week of IFN-RBV combination ther-
apy and 100% sensitivity by the HCV core Ag assay on day 1.
The different time points of HCV disappearance between Lu-
mipulse-Ag and Amplicor-M could be due mainly to the dif-
ferent sensitivities of the assay systems. Amplicor-M has higher
sensitivity for HCV detection, resulting in an HCV-positive
result on day 1 after initial IFN administration in some SVR
patients given the 6-month combination therapy. Since the
sensitivity of Lumipulse-Ag was lower than that of Ampli-
cor-M, this system could precisely predict SVR earlier than
could the use of HCV RNA measurements.

The response to IFN-RBV combination therapy is so much
better than the response to IFN monotherapy that some SVR
still existed in patients in whom the HCV RNA level was
positive 4 weeks after the start of therapy (26); however, early
viral clearance was generally associated with SVR in IFN-RBV
combination therapy (10). Brouwer et al. reported that the
disappearance of serum HCV RNA at week 4 was highly pre-
dictive of non-SVR (specificity � 100%) and that SVR was
achieved in 46% of patients in whom HCV RNA was cleared
by week 4 (sensitivity � 46%) of the 6-month combination
therapy (3). In the present study, we also found that the spec-
ificity was 100% at week 2 with both Lumipulse-Ag and Am-
plicor-M and the sensitivities were 47.6 and 76.9%, respec-
tively. Because of its higher sensitivity, Amplicor-M could
detect more non-SVR on day 14 than could Lumipulse-Ag.

On the other hand, the decrease in viral load within 24 h of
the initial IFN injection has been used for the prediction of
SVR in combination therapy. Jessner et al. reported that the
reduction in viral load within 24 h following a single injection
of IFN could be a good predictor of non-SVR in 6-month
combination therapy (16). They administered an initial 10 MU
followed by a secondary 5 MU of IFN 1 week later. They
achieved 100% specificity for non-SVR prediction in patients
who did not show more than a 70% reduction in viral load
within 24 h of receiving the initial 10 MU of IFN, with 61%
sensitivity; 83% sensitivity was obtained after the later 5-MU
administration. We found that none of the patients gave SVR
in whom the viral load declined less than 90% (1.00-log de-
cline) of the initial load within 24 h by the core Ag assay,
whereas the viral load declined less than 87% (0.89-log de-
cline) by the RNA assay, with 35.7 and 33.3% sensitivity, re-
spectively. The sensitivity of predicting SVR in our data was
calculated to be lower than that in Jessner’s report. This dif-
ference may be due to the patient distribution. We investigated
44 genotype 1b-infected patients, while Jessner et al. included
29 genotype 1a- and 1b-infected patients. Although changes in
viral load seem to be important for therapeutic prediction,
further study is required before we can understand the predic-
tive benefit of a viral decline within 24 h of the initial injection.

Furthermore, the combination of viral decline within 24 h
(ε) and the viral load on day 1 (V1) was reported to have a good
predictive value (22). We also obtained better sensitivity along

TABLE 3. Viremia at different time points after IFN therapy as a
predictor of treatment response

Negativity and
time

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Accuracy
(%)

HCV core Ag
Day 1 100 85.0 40.0 100 86.4
Day 7 57.1 93.3 80.0 82.4 81.8
Day 14 47.6 100 100 67.6 75.0

HCV RNA
Day 1 0 77.3 0 100 77.3
Day 7 100 87.2 50.0 100a 88.6
Day 14 76.9 100 100 91.2a 93.2a

a P � 0.05.
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with 100% specificity when using this combination of criteria
(sensitivities were 45.5% with the core Ag assay and 47.6%
with the RNA assay) than using single criteria. These authors
reported better prediction when using a combination of ε and
V1 than using ε and V0 in studies of IFN monotherapy. In the
present study, we observed that sensitivity and accuracy did not
improve with the combination of ε and V1 compared to ε and
V0 in IFN-RBV combination therapy. It seemed that the pre-
diction of the criteria would be different according to the
combination with RBV.

The predictive efficiency of viral kinetics for IFN therapy has
been achieved mainly by using the RNA PCR assay. Applica-
tion of a commercially available quantification system for de-
termination of HCV RNA levels may be limited by underes-
timation of highly viremic sera as described for the
Amplicor-M (5), although a Cobas TaqMan HCV assay, which
has an increased upper cutoff limit, is being developed. The
upper limit of the Cobas Amplicor HCV test version 2 is 850
kIU/ml, which is not always enough to assess the viral levels
before IFN treatment, especially in genotype 1-infected pa-
tients. In our series, 16 of 44 patients had viral loads above 850

kIU/ml, which required dilution of the sera. In contrast, the
dynamic range of Lumipulse-Ag is broader than that of Am-
plicor-M, and all the samples in our series could be assayed
without dilution.

When we compared core Ag and RNA PCR assays in first-
phase viral kinetics for predicting SVR and non-SVR, none of
the patients achieved SVR with a 90% (1.00 log) decline in
core Ag levels, which was similar to the results of PCR. The
sensitivities were also similar in the two detection systems in
the criteria giving 100% specificity. Amplicor-M, however,
achieved a better predictive accuracy than did the core Ag
assay when evaluated 2 weeks after the start of therapy because
this assay is more sensitive. On the other hand, the cost of
Lumipulse-Ag is 73% lower than that of Amplicor-M. Because
of its stability and low cost, along with the advantages de-
scribed above, the HCV core Ag assay system seems to have an
advantage in detecting HCV concentrations in large clinical
trials in many countries including developing countries, but we
need to understand the characteristics of these assays to select
the assay system suitable for the aim of each study. The Ag
assay may have utility, but further studies are needed to de-

FIG. 1. Correlation between HCV core Ag and HCV RNA before (A) and 24 h after (B) therapy. Correlations were good both before and 24 h
after therapy (r � 0.870 and 0.794, respectively), although the coefficient was smaller 24 h after therapy than before therapy (P � 0.05). The HCV
RNA level was relatively higher than that of core Ag 24 h after therapy.
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termine when therapy can be discontinued based on a failure
to observe a drop in Ag levels. To our knowledge, this is the
first study in which patients with chronic HCV infection were
monitored by HCV core Ag in the first phase of IFN-RBV
therapy.

Another novel finding of this study was the different HCV
RNA core Ag ratio before and 24 h after IFN therapy. Al-
though the correlation between the levels with the core Ag
assay and the RNA PCR assay was good both in basal viral
load (V0) and viral load 24 h after IFN administration (V1), the
correlation coefficients were different (Fig. 1). The results of
the core Ag assay were relatively lower for V1 than for V0. An
exponential first-phase viral decline, which was attributed to
the direct effects of IFN in blocking HCV production or re-
lease and very rapid free virion clearance based on mathemat-
ical modeling (21, 27), began within 24 h of IFN administra-
tion. We had speculated that the serum core Ag level might be
greater in V1 than in V0 because destroyed HCV particles
without RNA would appear in the serum. However, a different
result was obtained. Although the exact reason was unclear,
these findings might be valuable in our understanding of the
mechanism of rapid viral decline within 24 h of IFN adminis-
tration. Further precise determination of first-phase viral ki-
netics by both assay systems might clarify further the mecha-
nisms of the antiviral effects of IFNs.
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